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(57) Abstract: A process for producing a wafer, com- 
prising at least the BMD formation step of subjecting a 
silicon single crystal having the form of an ingot to heat 
treatment to thereby form bulk microdefects (BMD) in 
the interior thereof, and the wafer machining step of 
machining the ingot furnished with the bulk microde- 
fects (BMD) into a wafer. In this process for producing 
a wafer, the heat treatment for imparting IG capability 
in the wafer production can be shortened to thereby en- 
able mass production of wafers of high IG capability. 
The process can further comprise the wafer heat treat- 
ment step of performing heat treatment of wafers after 
machining and the epitaxial growth step of forming an 
epitaxial layer on each of the wafers with the result that 
the productivity of, excelling in gettering effect, anneal 
wafers and epitaxial wafers can be enhanced. 

(57) g«: VJL-/\<D$l&j5&V$>-oTs '>£ 
fflS£fT4l*rtttlCfl»*/hfc« (BMD) £ 
(BMD) $ff2f£Lfc-f >3y h$^X-/\|c 
S^^;±o Ztilz&y s ^x-/\<B$J&^ 1 G 

mjiZtt$?htzitoo>mmmtffcffiT*z* ig 

*ax^O0x-/\$fasas-T5^x-/\»«is 
ii**L, *41M*, Ox-/\±|zitf** 

;u^x-/Nco^«tt36<isi±-rSo 



WO 2005/014898 Al t llltl II IIIIII lllll IIEI! IIIII llll I II III lllll Hill IIIII III1IIII1 [III IIIIIII IIII [III Ml 



SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) &£isf8»a&LMBu. ±T<Dmm<Dfc®&m^ 

ffij: ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, SD, 
SL, SZ, TZ, UG, ZM, ZW), i-7>7 (AM, AZ, BY, 
KG, KZ, MD, RU, TJ, TM), B — □ V i \ (AT, BE, BG, 
CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, 
IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, 



BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 
TD, TG). 



WO 2005/014898 



1 



PCT/JP2004/011145 



w m m 

[0001] *«Wtt^->'>0»at^feKlBBt,WtIG(Intrinsic Gettering)fli27«rf*-£ 
i"5fc*Wife*^afe*5j;U5rt|fp|S/jN^|5feBMD(Bvdk Micro Defect) 

(Denuded Zone)l^M-rafcfe»^^^^^t5:MS, IGtg^J*# 
^1-Sfe*O^^W#I^J;^rt»/J^|5feBMD^^^5Ma^fT^5T^ 



***** 

[0002] ^«#:^|lIS&^^OE^UTfflV>btL5i/y='^^f B ^^-/N«, ±fcf- 3 
^/W**— &(CZ?fe) tJ:oT»5i$*L"CV^5o CZjfettt, ^^^'rt-ei420 

°c n aa-T?^itt$ tLfc-^y^ ^w^v-y ^ ^w^n, wa^srgat^^- 
s^TMa^t-t^^^^fiL^wm^fc^^BMD^M-rso ^<o@£ 

IDfWftH:, A^Sj&Jf ^McDiig (xVM^^n-lr^) tfjerS^Ji^lfeSrffi 

Hi-stv^^ris^tijsrapo v^^^hy^^-^v^y^(iG)T'S?-s> 0 

[0003] 1-ftfc>*> N x/^X^.-Ctt, ffia-CroMS^n-fe^-e, Fe, Ni, CulCft* 
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^$tffii&i%frbWW$k<!&^frbs lG^m<DEG (Extrinsic Gettering) <Dtf y* 

Pfi0^^5l&^^^»>^, xVM^M^JC^PicDMV^DZ (Denude 
d Zone)S^?fM^^ 0 ^CO^, 600t;^ib900T:^ttiiy&3lT\ r>zn-/N/<! 

fcfc<£M3&fT*i\ bmdH^I»oo, t©l©S?aiMix*!)i- 
[0005] czfiT"W^tLS^y3>^ H B B (c{i % fffsutJ:^ 

[oooe] ntz., T'^w&mmt, umt^m ^xmmn^tit^^tzczm^v^y 
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[0007] Z<DM%tLX. V*-'>\m&m&ML^-'^$tffi<D&fa&Wft£#Z&ffi& 

65^n, ^8361-193456-^^ #MBg61-193458#<k$#J18)o 
[0008] *1t y ^xwn^^H©^^ HjHStK-^U COP (Crystal Or 

iginated Particle) ^CO^i,^|Sc7)^|5j|^^^u^-f< > £> 0 ^ g^flfffiW^ib 

[0009] Jffcfci, JDS^TLiSJIty-efeSasjteftfifcfiafA^te (COPSOJgfifcte) ©fcVHfi 

^A^fe<D&v^j»^ 

V^^^^53^fifi2fl^^jgffi (Nearly perfect crystal) tn^ff ft, J^TNPCtPf 
^-^^^^(dliiit-CtS (0iJx.fi, #M¥ll-199387#^«#fig) 0 

[0010] U>>U m&t±B<D£?tlDZ-lGm&MbmthZ>T=.--;l'Xlt, V=.—^tZD 
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[0011] 'yV^^^-^Mli^tit^^-y^m^Mm-r^m^a^ 06fcjjv1M: 

0 

[0012] u>>u ^-/n^* p mtir^tx\ zo&tmmm&nttmw&Kmku 
ztiK!%^timMm#-hte¥h±mik-f2>^tx\ nm^K^^m^mm 

[0013] ?afti:ii*ffit^^ji^^^it/t^t o ^^^/V'>^--/N^^v>^^ 

[0014] ^rTW^lOOO^J^iOffiSynir^ ^d^y^)V^ g fti^fc: 0 

fis &M#}\a-3H nm%wmmt&%)tfxxhz>sic\ , siHci , siH ci , si 

2 4 3 2 2 

H ^(75^xirK-^^h-^^fe5B H #*^PH ^©#*£#(:#&U 1000-12 

4 2 6 3 

[0015] fu^Sirfi^y^y^^^stg^^ffi^^t-s § mmtm^-T-j? 

mmommommmx^f^ ^mxhz> 0 g mm^-t^/h^* 
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[0016] L3&»L±flB©J:5fc, ^fc^^^^^^-^^liyy^y^^m^^+^M^ 
[0017] r©J:5^S^(c*j-L^^yy^^#5fc*^« % ^t°^dr^/vjl^«i- 



[0018] immt, ^-^(Dmmx*iGmfi*tt^%tcfr<Dm&mtmmx%, ttciG 
m^<Dm^^-^^m^mi-^t^x^^^-^<Dm^m^m-r^ 

fMl^tTftv^^y^^ 
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[0019] tuiEigio n fi*mj&i-z>titb(D%imm, ^-^t^&xfcox, 
[0020] Hais^^yh^ffixst-fev^, mne^yav'iiuitAfcrtifljiR/h^ 

PfS (BMD) &Jgj*-*-<5£fc3&S#SU\, 

S^MS^ff^V^^{Crt^/J^te(BMD)^^6BMD^XSt,M 
Ert«/h^PfS (BMD) ^ffMUc^^VhSr? xwNidlPItS^xw^ii 

[0021] ^^h»IIi(*?§lftt, BMD^IS, |gl£«gX 

fciU ^-/^PXX@-e-ry=fy^^~/N{^pX-r5-i^j;!9, 6£3fc©,fc3te 
^~/>^^c0v-y^^^^^^^tTBMD^^^1-5MS^PA5^^it 

[0022] i&ia^^-/^pxxam^ tiif5'>^-/N^»a-r?,'>^-/N»sx@ 
h^axfii, ttrEf\^aLfc^y^>h^r>^-/N^jpxi-5'>^-/^pxx© 

o 
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[0023] Z<D£?\Z, ^ydVMlig^ydVh^lo-yyay^l^fci^ 

o 

[0024] Wfa^jt-yNjnxxsm^v^, s^ilEMaLfc-rv=^■^^^B^^7) , >J•-^^^v: 

iPXf<5wtj8S»*U\ 

r©«t5t^3:-/^pXXefcj3V>T, -ry^hMSX^BMLfc-ryriV 
hSrttB3R©«>3i*-y>^pXL-C*3<^^J;!9, DZl5:Mt59i-/N^II 

nzvtcm^ Dzmvmztm&vxvizmmwmttz&m^frft, 

[0025] fftfB#tffi^<75^-/NfCjjPXL/c^ |^!>^-/N±(C3:t 0 ^^^/Vl 

^fifel-S^^^^^ftXSiSrWi-Srtt-C^S,, 

lllli, mflE«aLfc^y=fyh^®^(7)^^-/Nt^pxi-5^^^^PX 

[0026] MSX@T*-r>^VW^W^y3^igf H {c^*^S^ff^o-C 
*5t, ^^"^^PXXSt ^ W^=^>h^'>^-/^^^PXLT^^, ^k^dr^^ft 
Xgr^o^wNXt^t^^i^ 

^^xtLrm^S^P^5*&{Cit^T^^^<»S^tT^5^^^Tt5c 
[0027] IfJlE^y^VhMaXfltt, -f^^h^fig(75^yn^^^^{C700 o C^±<75M 
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[0028] ffl&fy*ym%mTfeft, 1100 0 CJ^TOMaM-C30^^±8B#f^ 

[0029] tot, ll&fE^^haa&SI&te, 700°C^±1100t:^T^»aMT-3 

^co£9&M®BTMV^Maxfi£^ 

[0030] #{^, ai^df'i/^i> 3 iwNS r J43i'f IKrlE^^yHIWiaaxStt, 

[0031] IfJlE^^Vhf mmxmt, &m.Mm&0. 5^/min~10t:/minfcLTf|(^ 
Z.k&T*%& 0 **3aH6«fcBMDS:tFfaS*5fc«>fcH: % BMDWtti^^^-fS 

[0032] fflrlS^a:-/N^«!.SXat*5V >T\ flfrffi?^ (DZjf) 
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^yxxnttfmxftteo^btfxtz, 
[0033] SfjE^^-^Max@{±, 900t:^±i30oTOT-c:\ 5#W±i6f$flsmfttf) 

[0034] aWB^a-zNiltoaxSW:, #ajSftSr5t:/minJ2Jl±tL-C#a-rSit^ff* 
[0035] tfjIB^t^^^/^ftX^fi, 1000 , CW±©fll«T?lW*Q.aS:fi 1 *ofcftfclO 

[0036] SuiH^y^^m^ 0 B B ^, ^m^K-^tLTV^^-efc5-i^^u\ 

gX@m^^t°^>^Ji^^»^<,IG^m©iS5V^^-^^^^<|!i 
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[0037] WflE^ay^feAfi, ^3^7/V^-&^ < t^^^^c2p^^ B B B (NPC)^ 

[0038] iuiB^^vh^ffico^y=i^TO^«, i-a^yj^^-m^mm^\±mm 

[0039] ^m\Z^^-^(Dmk^mz.X.fl\t, ^\^^yY(Dm^:BMY)^ 
[0040] *^B^{Cj:5T=-^^-/N©^^fe^j;tl{f, tO«>fc>r>=fyb©*t 

arcs*, 

[0041] ^W^S^xwNOjtjft^jfefjiitltf, *0«>^>^ryhOttlll-CBM 
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yht^ti wnft^a-cfcsfc*, (s^-^suunrsi) *:a<z>^-^£-5 m 
[0042] [mi]*&w<D$^~^(DM&JM<n-m*mLit7v-m-?]bz>o 

[H2]*»^©!>a-/N©tt3Slje©aiJ©«fiSr^U*:7o-H , T?«)5o 

o 

[mo]*3Pj1©n:fc°^^,i^ 

[0043] WT»**W^oV»T^iNB^KWi-So 

#3§W#tt, IGUB^3(?5ilSV^3:-/M7)Jtt3tteRlL-C % ^yd'^tlf|»i^L 
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~\^mi-^m^t>tix^^h(Dxh^m^wm^6-i9643o^m^ 

[0045] *?8W^ dro«t5^^yh0^l!6T?BMD^^LT*5#, ^Sr^^-z^PX 

[0046] Mfcma-x, ^>^yb^m(Dyv^m^BK7oov^±mmm^n^\ z 

M^3O^W±80#W^^OMS^fT^5i:SV\ ^c#fiSS{)0. 5°C/min 

-io°c/mmtLxmmmt^tx^LtcBMD^mm-r^t^x^^ 0 
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[0048] ^<D£otmmffi,mx\ ^^yhi<zm^f3o / M±8mm^<D^mnttzit 

(Dt%, #MSIrO. 5t:/min-10°C/min<tUX#?fii-S<b$?^U\ 
[0049] tit, -i^'yHt, *sV=l'W&&\Z&m*\ t --7ZflX^Z>m&, XfiNPC^ 

X%Z>£oWs:Z> 0 

[0050] s/t, NPcm^(D^^z^^xhmm^mxmmm(Dix^^^-^tfm^L 
xhz>&&gk&%mA!Km<Dtj:\, ^mm (mmmt^ ^zttsfoz) x^^tc^^ 

XhZ a 

^(D^fm^mm^^mm^i-m^,m^t^^ymmx3oo-5oovt 
■f&tcib, mnm^\-$mM-fz>^tftx%t£i)^tz 0 x^t^^y^mxhrnt, 

[0051] fc*s, >T^=fyh^*©^y3^miefti:ttmiBft§l±S6ilT3l*±»f btifc**© 
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waters 7vy?<Dmmizwffimitt(D&mmm*%!k-tzitit>* 

[0052] t/c, *3§^#f2, T=-/V^^-/>©jK5gJJ:BSLT, ^^VhcD^MgUG 

-^iwMm^tiaot, »&<Ma£ma^^-et , bm 

[0053] o*0*56M©T=i-/H>3:-/N©«3i|^tttt % -Y^yhJRtfioe/JJayHiitt* 

[0054] r^^^V^VNT^-/^, T--/^j:--/N©Jl^^^^y=i^¥^^^ 

^b^iT*700tW±©MI^lLBMD^^U*J<i:|i^LV^ o 
[0055] ~ttefrh, #3881 ^5fe^^-^^^^Px.btLTV^DZSS^BMDSr^-r5 
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[0056] DZl^^i-S^O, ^-/NtiWT--;Kl2«IIg) ft, %&<D 
McfamaX 900°C^±1300°CJ^Tlr5^±16B#F B mrt-eM 

[0057] Wli^flRtoaLfc^yay^^*^^— />jpxt, Sfeld^a 

[0058] ^isw^fi, ^**^/vvx.~^(D$m\z.uhx, mati. <o*yh<D 

[0059] o^"9«0^O^t°^^^^^a:-/N<Di^^fe(i, -O-^Vh^t^O^y^^^ 
[0060] #3§gi!#tt % <0=tyhT=-—/U$;, ^-\i°^y^;vry^^(DWMtt^y^>^. 
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[0061] m^y^'yb^mx7oov^±.9oov^r(D^mm^mLBMD^m^Lx^< 

[0062] Hot, ^^Vh^cD^y=i>-^ B B H ^700r^J:900r^T©»a^f ft 

mat, 7oo°cu±.9oo°cur<Dm^iMnmx\ 3oft£x±.8sm&sftofeu&m 

> tfcte&itl&o^Mif MS&^tvx #?SMt)0. 5 0 a/niin~ioT;/ 

[0063] £fc, -O^M*. ^y^^*^ H B B H^m^K-7°$n-CV^^ H , X«NPC« 

i/y^^^^^v^t^^^t^^^^xis^^v^t^Pia^^ftv^ 

[0064] £/c, NPC^©^^^OV^Xtl^1i^^t 0 ^^i'/V®^^(D^ftVN^^-/N 
[0065] ^t°^^/va^M-t-6^^tt, #(^*(D^T^^ftV \ 100 

o o c&,±(Dmuy^±^^i-^^m^m\^(Dm^iooo o cu±<Dumx^ 
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H g-fflntplzMmik&yotfXX'hZSiCl , SiHCl , SiH CI , SiH m 

2 4 3 2 2 4 

<Dtf7,bY-s<>y-j3*X%Z>B H #*^PH «Bf©#:*&{ft#&U 1000-1300t 

2 6 3 

[0066] ^t°^^/^ftW^tr^5t(l^^li^y^^^^S^^)S®^#&i" 

2 2 

^#ffl^^^T, 1000°C-1300°C, #KllOO°CttaoKffiT*Xf£tD«S 
[0067] ^Wip^y^^^fB^^ffiT'MaLfc^y^Vh^^^-^nXL, ^t°^=3f- 

[0068] J^T, MB^^^^-^NOM^fe^o^Tlglffi^RSL-C^^^PUI^BJI- 
[0069] (^^OW^) 

[0070] W^y=v]Mtft*K:S**K~^**£iK^ DZg, BMD&JI&aJL*-*-^ 

m&K, hbfi^fr^/vy#fo\z.mkm*Atix&<ti\ y^ymm^mtm 
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[0071] Sfc, m^ltiA (NPC)^^^y^y^ 0 B H ^V^5ii^j;i9, 

o 

[0072] (^^VbT^-/k:BMD«XfM, llOttllg) 

[0073] £f\ 5l#±»ffeHfc**©?Wl?©>r>=fyhr=— /WJ!loV>T, ^O-SHIftJK 
*SrlftWi-5(Bll). 

*3^SiC|S<Z>^y/<ll£*rU ; e^^fJ^t-^12^0f\^ ; S^^^{i^tL 
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[0074] ^±9&3l±»fWcg;i=«^ 

vtmut^ ^mmm^nx^t^mmxmMmxm^L^ -ttt, -r^vh 

■So 

[0075] W£ftm<DM&7jk-to UT(DmX°^\Z±tfbtltc1ii%<DMftX»ttt3:<, §1 

[0076] ^^ww/&xm-c3it±tf tbtitcjy^yhcoMmzmwmu t<D^ m 
ZA\zmm^^bxj^yWxiy?¥&% 0 

[0077] ^<Dzfuy^<D^^yHm^m^n^o a ftfc, r»J;5ftP3«6'J-:/ 

3 

[0078] ^ot, 7n^^cD^^i(D^^, M3r{cAti,Ma-f s 0 Ma^g(i#tcpg 
m^m^\Lxmmm-r^m<Dh(Dxh<o, i*^5«i«i&ijp-efe5. r 

[0079] ^©£9 m§ I ±« }c R ffifflmZtiyvyy-mzmmZtitcWMKLtzJ^yhZ 

%frfrx^<(Dy-^-^z-mm^mx%z>^tKf£z> a 

[0080] W±cDj;5^-r^^h^MXm(BMDffMXS, fU<D«3lXa)tf>JMfclft 
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#te£$$*l3 0 ^(^^fi^?a^^500 o C{Tf-ifi^-ef4#fflMl0°C/miniSS(D 
MTMU *<0tft#fflLiS««:il<l/C, K«a*«ttO. St/min-St;/ 

[0081] (p^—s^mjlxm) 

mm Srf^KUfcft (08 (A) ) N rc0^n^^-/N}^UTffi^«9 (08 ( 

B) ) % ¥mt (7^V^) (08 (C) ) % x-y^y? (08 (D) ) % mm (08 (E) ) ^<D# 

-f 5k OTfi&v ^W^xfg (08 (a) ) W7-r-t-y-£Jli ^c-9J$K ¥-mt 

XS(08(C))T1i7^kV^(xa)^c«¥®WM'J(Xfi)^^(CW«5o^ 
iZ^-y^y^XU (08 (D) ) ttt7;^y»fflPfcx2/f^, mmXU (08 ( 

®&>9 Ig (08 (B) ) fe:o v ^fc ¥ffi«»te&^S&<9»IIS{fc (HOT 



[0082] T--/U^^-/NW^,t 
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[0083] ("O^s/h^W^ ^>=?Vh7--,K ?:rw^0I) 

X-T5r.i:"OlG1IB^©flSv^3i*-/N^S^»i3t-etSo itSWH^W^ 

[0084] (')x^^7^-;^:I2^0lMIi) 

[0085] ^-^fi#ljixm (|2©iMIIg) ©ifel^frfl, r>oi-/N^E(c» 
M«(DZ®)^r?fM-r^^±^i ftfcU flPSLOi, 900°C^±1300TOT 

htfDzmommmmmx'ffi^ Sfefc+#fcDz«^5r:fc;as-c£3. £fci30 
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[0086] ftKLtemmtmofc ^mmmmzmmhxnteoXDteijt&oDz-iGm&m 

[0087] r<Dj;2&^wN§^tX;ii^1-5^T\ ^^VhT--/VTOf^S£$)^&< 
[0088] ^t 0 ^dri/^/V^^-/NO^5t 

So 

[0089] (^^VhWWJ5g) 

tittxwK ^om^h. mziyv^w^B^\mm^¥~^^z.b\^, bmd 

[0090] (^^rf.ybT--/!-) 

izg-^&igiov/mintmcDmmxg-uu : t<D'&g-&%zm<Lx, nizm 
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